INTRODUCTION
Liquid culture medium, which is indispensable for the cultivation of bacteria such as lactic acid bacteria, is used to produce probiotics, which are added to foods and dietary supplements due to their health benefits for humans and animals 1 . They are microorganisms that, among other things, constitute a protective barrier against pathogenic microflora, stimulate the immune system, improve the nutritive value of food, reduce the cholesterol levels and facilitate lactose hydrolysis 2 . The most important probiotic is lactic acid bacteria LAB , which is used as a starter cultures for the fermentation of foods due to its contribution to aroma and flavor development 3 . Strains of the genera Lactobacillus are the most widely used probiotic bacteria 4 , with L. brevis being one of the most abun-there is a remarkable difference between the odor of the MBI and the MAI. This difference occurs because heterofermentative LAB s, produce a typical flavor and aroma-active compounds, in addition to the primary lactic acid product, during fermentation of foods 5, 6 . Currently, there are no detailed analytical reports on the identity of the aroma-active compounds in the MAI of L. brevis. In flavor analysis, the most common method for the evaluation of odorants is GC-O and GC-O combined with AEDA, which effectively evaluates the contributions of key aroma-active compounds 7 .
The aim of this study is to investigate the amounts and identity of characteristic aroma-active compounds present in MAI oil in comparison to those found in an MBI oil control sample as a first step toward utilizing the liquid waste.
EXPERIMENTAL PROCEDURES

Materials
The L. brevis was grown at 37 for 20 h in a growth medium comprising glucose, peptone, K 2 HPO 4 , MgSO 4 , NaCH 3 COOH, NH 4 2 HC 6 H 5 O 7 , MnSO 4 , polysorbate-80, yeast extract, and meat extract. The waste liquid medium MAI was prepared by filtering the bacterial cells of L. brevis after incubation for 20 h. The blank MBI sample was prepared under identical conditions except for the cultivation of bacterial cells, and was provided by Nitto Pharmaceutical Industries, Ltd. in September 2011.
Extraction of the volatile oil using hydrodistillation
The MAI or MBI 1.5 kg was hydrodistilled with a Likens Nickerson-type apparatus Osaka Rikou, Osaka, Japan . The volatile oil obtained was dried over anhydrous sodium sulfate followed by dilution with diethyl ether to a concentration of 10 mg/mL for analysis by GC and GC-MS. The yields of the volatile oils were 36 mg/1.5 kg 0.002 and 21 mg/1.5 kg sample 0.001 for the MAI and MBI, respectively. The volatile oils were kept in sealed glass vials and stored at 30 in a freezer prior to analysis.
Gas chromatography GC
The GC analysis was performed using an Agilent Technologies-6890N gas chromatograph equipped with a flame ionization detector FID . The volatile oil was analyzed on an HP-5MS column 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d. 0.25 μm film thickness . Helium was used as the carrier gas at a flow rate of 1.8 mL/min. One microliter of sample was injected at a split ratio of 1:40. The oven temperature was programmed to increase from 40 to 260 at a rate of 4 /min finishing with a 5 min hold time. The temperatures of the injector and detector were 270 and 280 , respectively.
Gas chromatography-mass spectrometry GC-MS
The GC-MS was carried out using an Agilent Technologies 6890 gas chromatograph linked to an Agilent 5973 MSD mass spectrometer. An HP-5MS column 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., 0.25 μm film thickness was used. The temperatures of the oven, injector, and detector were the same as those adopted above for the GC analysis above. Helium was used as the carrier gas at a flow rate of 1.8 mL/min. One μL of sample was injected at a split ratio of 1:40. The electron ionization EI energy was 70 eV, and the ion source temperature was set at 230 . The spectrum was measured from m/z 39 to 450 at a rate of 2.39 scans/s.
Sniffing test by GC-olfactometry GC-O
A panel of trained sensory evaluation specialists measured the odor intensities of the main aromatic constituents of both oils. Ten panelists, aged 21 to 55 years 8 males and 2 females, members of Kinki University, Japan , participated in this study. Sensory-analysis sessions were performed only after suitable training 30 h . A sniffing test by GC-O was carried out using an Agilent Technologies-6890N gas chromatograph equipped with an Agilent 5973 MSD mass spectrometer and on ODP 2 sniffing port Olfactory Detector Port 2, Gerstel . The GC was equipped with an HP-5MS 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., 0.25 μm film thickness . The sample was injected into the GC in splitless mode. The GC effluent from the capillary column was split 1:1 v/v between the mass spectrometry and the sniffing port. The oven conditions, injector and detector temperature, the carrier gas, flow rate, and ionization mode were the same as for GC-MS analysis described above.
Identi cation of components
The volatile components of the MBI and MAI were identified by comparing their retention indices RI and mass spectra with published data 8 , previous literature studies 9 37 , digital libraries Mass Finder 4 and NIST 02 , and by using Aroma office version 3.0 Nishikawa Keisoku Co. Ltd. which includes 72,120 RI values for aroma components, and their literature sources. The retention indices were calculated for a homologous series of n-alkanes, from C 5 to C 28 , using an HP-5MS column.
Quanti cation of components
The quantitative analyses were performed using the internal standard addition method employing alkanes C 8 and C 19 . The volatile oil or aroma extract was diluted with diethyl ether by a factor of 100 to achieve a 1 mL volume, followed by addition of 4 μL of a mixed solution of C 8 and C 19 1 mg/mL to the diluted oil. These samples were subjected to GC-MS and GC-FID determinations. The quantitative composition of oil was determined using GC-FID by as-suming the total amount of detected components in the oil to be 100 . The quantitative analysis of the characteristic odor compounds of the oils was performed using percentage peak area calculations using GC-FID. The quantities of the components were obtained by integrating the peak areas in the spectrograms. All determinations were performed in duplicate and the results were calculated as the mean values of the two injections of the volatile oils without the application of correction factors.
Aroma extract dilution analysis AEDA
The highest sample concentration 12 mg/mL was assigned a flavor dilution FD factor of one. The volatile oil was diluted stepwise with diethyl ether 1 1, v/v , and aliquots of the dilutions 1 μL were evaluated. Ten trained panelists sampled the aromas isolated by GC-O on the HP-5MS capillary column. The result was expressed as the FD factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil, the odor of which was still detectable by GC-O. On the basis of the AEDA result, the relative flavor activity RFA was calculated using an equation reported 38 .
RFA log FD factor 2 n /S 0.5 where 2 n is the FD factor and S is the weight percentage of a component 38 .
Results and Discussion
Chemical constituents of the two oils
The volatile oils collected by hydrodistillation from L. brevis MBI and MAI were pale yellowish with yields of 0.001 , 0.002 , respectively. The blank MBI oil had a sweet-earthy odor, while the MAI oil had a burnt-sweet odor. In the MBI oil and MAI oils, a total of 86 components were identified, comprising 100 of the total oils in both cases Table 1 . In the MBI oil, the furan skeleton, namely, 3-furanmethanol 3, 6.7 , was the most abundant compound, followed by cyclotetradecane 70, 5.5 , and 2-phenylcrotonealdehyde 49, 4.3
. Other predominant components were pyrazine compounds, such as 2,6-dimethylpyrazine 7, 1.8
, 2-acetyl-6-methylpyrazine 39, 3.9 , and 2-acetyl-3-methylpyrazine 40, 3. 8 , and lactones such as δ-nonalactone 58, 3.5
, 5-hexyldihydro-2 3H -furanone 60, 3.4 , and γ-nonalactone 54, 2.7 . Cadinane skeleton such as γ-cadinene 63, 3.7 , δ-cadinene 64, 2.9 , and 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-1-methylethyl -naphthalene 66, 2.7 were also detected. Among the ten hydrocarbone compounds identified in the MBI oil, cyclotetradecane 70, 5.5
, γ-cadinene 63, 3.7 , and spiro 4.5 decane 83, 3.7
were present in high quantityes. Alcohols, including p-cresol 34, 2.9 , ferruginol 82, 2.9
, β-eudesmol 69, 2.8 , α-elemol 67, 2.7 , 3-furanmethanol 3, 6.7
, and benzyl alcohol 29, 1.5 , accounted for 19.5 of the MBI oil. Eight N-containing compounds were identified in the MBI oil, with 2-acetyl-6-methylpyrazine 39, 3.9
, and 2-acetyl-3-methylpyrazine 40, 3.8 being the principal compounds. Three aldehydes, two esters except lactones , and one ether were also identified in the MBI oil.
In the MAI oil, the main components were 2,3-dimethyl-
, and 6,7-dihydro-5-methyl-5H-cyclopentapyrazine 42, 1.3
. N-containing compounds, which are important for flavor, constituted 49.0 of the total volatile composition of the MAI oil. Eight alcohols were identified in relatively high amounts, such as 2-phenylethanol 41, 4.5
, 5-methylfurfuryl alcohol 20, 2.1 , and 2-furanmethanol 6, 1.1 had high contents that comprised and 9.9 of the MAI oil. Six acids 6.6
, five esters 4.4 , and two ethers 4.4
were also identified. Comparing the two oils, Table 2 shows the classes and percentages of the components. All components were divided into the following categories: hydrocarbons, alcohols, aldehydes, ketones, acids, esters, ethers, lactones, Ncontaining compounds, S-containing compounds, and miscellaneous. The MBI oil efficiently provided hydrocarbons 32.4 , alcohols 19.5 , and N-containing compounds 17.3 , which are the three classes with relatively high contents in the oil. The MAI oil yielded a relatively high percentage of N-containing compounds 68.8 , alcohols 9.2 , and aldehydes 8.1 , In the MBI oil, only three pyrazine compounds, including 2,6-dimethylpyrazine 7 , 2-acetyl-6-methylpyrazine 39 , and 2-aetyl-3-methylpyrazine 40 were only detected. Moreover, three lactones, including γ-nonalactone 54 , δ-nonalactone 58 , and 5-hexyldihydro-2 3H -furanone 60 were only detected in the MBI oil. Conversely, twenty pyrazine compounds, e. g., methylpyrazine 4 and 2,3-dimethylpyrazine 16 , and five acids, e. g., decanoic acid 57 and dodecanoic acid 68 , which were not detected in the MBI oil, were identified in the MAI oil. These pyrazine compounds are important flavor components in MAI, and may be synthesized by microorganisms 39 . Pyrazines, aromatic heterocyclic nitrogencontaining compounds, and their analogues, e. g., alkylated pyrazines, are produced by some microorganisms, and exhibit a wide variety of odors. For this reason, these components have been employed as flavor and taste enhancers in the food industry. Pyrazines are responsible for the aroma of various foods including beans, nuts, meat, potatoes, and coffee. In particular, 2,5-dimethylpyrazine which was identified in the MAI oil, is used as a flavoring agent in Table 1 Chemical compounds of the volatile oils from MBI and MAI (L. brevis). Table 1 Continued.
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breakfast cereal 40 . Furthermore, isoamylpyrazine and/or 2-isoamyl-6-methylpyrazine is used in the food industry for foodstuffs such as wheat flour bread and sesame oil 41, 42 . It has been previously reported that 2-isoamyl-3,6-dimethylpyrazine is present 43 46 . However, ours is the first report of this compound being present in the volatile component, which LAB produces. Thus, it is thought that three isoamylpyrazines are the characteristic components of the MAI oil from L. brevis Fig. 1 . In comparison to L. acidophilus, reported previously by us 47 , many acids were produced by L. acidophilus, whereas many pyrazines were produced by L. brevis. It is therefore suggested that the MAI oil from L. brevis can be easily utilized as a source for important pyrazines in industry. In a study involving the mechanism of production of pyrazine by the bacteria, using a mutant of Corynebacterium glutamicum, in which one enzyme of the isoleucine metabolic pathway is not produced pyrazines were produced as a rate of 3 g/l in five days. Then, acetoin was produced via acetolactic acid from pyruvic acid, and it was reported that pyrazines were formed from 2 moles of ammonia and 2 moles of acetoin 48 . In addition, pyrazines are known to be chemically formed by an amino-carbonyl reaction in the presence of a related material. It was reported that pyrazines were generated from acetoin and ammonium acetate in substantial amounts over 17.5 h at pH 6.88 and 22 48 .
The production of pyrazines from a culture of Bacillus subtilis and B. natto has also been reported 49 54 . From the above observations, it is thought very likely that L. brevis produces an abundance of a precursor for pyrazine generation. However, the possibility that bacteria participate in this process cannot be excluded, and the enzymatic production of pyrazine until the final stage needs to be confirmed or discounted by the mechanistic examination of other generation courses.
GC-O, AEDA, and RFA
The aroma-active compounds of the volatile oil in MBI and MAI from L. brevis were assessed using GC-O and AEDA. Odor descriptions of the compounds detected with GC-O and the ranges of FD factors were carefully recorded. In both oils, eighteen components were identified; eight Ncontaining compounds, four alcohols, two aldehydes, one ketone, one lactone, one ether, and one acid. In Table 3 , the aroma-active compounds identified for both the oils are presented. Six aroma-active compounds were detected in the MBI oil, and twelve were detected in the MAI oil. The most strongly aroma-active compound, 3-phenylfuran 46, sweet, FD 64 was the predominant aroma-active components of MBI oil. The following aroma-active components had FD factors greater than 16: 3-furanmethanol 3, earthy, FD 32 , 2,6-dimethylpyrazine 7, roast, FD 32 , and 2-phenylcrotonaldehyde 49, floral, FD 16 . Conversely, the most strongly aroma-active components of MAI oil were 2,5-dimethylpyrazine 15, burnt, sweet, FD 64 , and 2,3-dimethylpyrazine 16, burnt, FD 64 . Other components with FD factors of 32, methylpyrazine 4, burnt and furfural 5, sweet , and others with FD factors of 16, i.e., trimethylpyrazine 27, roast , 2-phenylethanol 41, sweet, floral , and decanoic acid 58, fatty , were also detected. The sniffing test and AEDA revealed both the aroma-active and aroma-characteristic compounds. Higher FD factors are often related to the aroma s top note, because AEDA is based on the determination of the odor threshold values of the volatile compounds. However, even though higher FD factors are often related to the aroma-active compounds, they do not always significantly contribute to the aroma because they depend on the compound concentration. Therefore, we considered RFA as an additional criterion along with the FD factor. The RFA is calculated with a formula that includes both the FD factor and the weight percent Wt of each aroma-active compound. The RFA values of the aroma-active compounds of the both oils also presented in Table 3 . 3-Phenylfuran 46 648 μg/kg in the MBI oil displayed a high FD factor of 64, giving an RFA value of 1.1. In the MAI oil, the RFA values of methylpyrazine 4 4104 μg/kg , furfural 5 552 μg/kg , 2,5-dimethylpyrazine 15 312 μg/kg , and 2,3-dimethylpyrazine 16 8904 μg/kg , which had high FD factors FD 16 , were moderate at 0.4, 1.0, 1.6, and 0.3, respectively. Therefore, these components strongly participated in the odor of the MAI oil Fig. 2 . Consequently, the high FD factors of these components are more likely due to their high concentrations in the oils. Regarding the RFA values, four compounds; 2,6-dimethylpyrazine 7 , 2,5-dimethylpyrazine 15 , trimethylpyrazine 27 , and 3-phenylfuran 46 , which the each oils have in common, showed high RFA values 1.0 . The sniffing test of the original volatile oil by GC-O effectively determined key aroma compounds 55 .
In summary, taking the FD factor and RFA value into account, we determined that the five-membered ring furans and pyrazines, namely, 3-furanmethanol 3, earthy , 2,6-dimethylpyrazine 7, roast , and 3-phenylfuran 46, sweet play an important role in the aroma of the MBI oil. In contrast, pyrazines and the five-membered ring furans, namely, methylpyrazine 4, burnt , furfural 5, sweet , 2,5-dimethylpyrazine 15, burnt, sweet , and 2,3-dimethylpyrazine 16, burnt , are the important components of the MAI oil. These components have a burnt-sweet odor, as determined by the sniffing test. A further characteristic odorant found to contribute to the burnt-sweet like odor of the MAI oil was the pyrazines produced by L. brevis.
Conclusions
To the best of our knowledge, this is the first study that indicates the diversity of the waste medium after incubation of L. brevis, and provides data on the key aroma-active compounds which are responsible for the overall aroma of MAI. The chemical composition of both oils was also described in detail. It is notable that the utilization of waste MAI has afforded various aroma-active pyrazines. Further studies are needed to determine the biosynthetic pathway by which each component, detected exclusively in the MAI, is produced during fermentation. We hope that these results will be used in future investigations into the utilization of the liquid waste from fermentation processes. 
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